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(54) Use of 5-HTiA receptor ligands for the treatment of glaucoma 

(57) This invention is aimed at providing a novel medicine for oculopathy, which has as an active component thereof 
a 5-HT 1A receptor ligand such as. for example, an alkylene dioxybenzene derivative represented by the following for- 
mula (i) 



(ciTfn ^TO^ ° — < CH * >«NHCH a \r°TOl (I) 



(wherein m represents an integer in the range of 2 • 5 and n an integer in the range of 1 • 3), a racemate thereof, or an 
acid added salt thereof. 
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Description 



BACKGROUND OF THE INVENTION 



5 Field of the Invention: 

This invention relates to a medicine for oculopathy, and more particularly to mecficmes for oculopathy such as, for 
example, the therapeutic reagent for glaucoma and the intraocular pressure depressant which have a serotonin recep- 
tor 1 A ligand of a specific structure as an active component. 
w The oculopathy like glaucoma has been attracting growing social attention as one of the adult dseases particularly 
in such advanced countries as are on the verge of qualifying as a community of extremely high senility. 

Description of the Prior Art: 

is The oculopathy such as, for example, glaucoma refers to the group of diseases in which morbid alterations inducive 
of abnormal intraocular pressure injure intraocular tissues and optic nerve function in particular. As concerns the mech- 
anism which is responsible for the morbid alterations, it is generally held that the morbid alterations are mainly caused 
by the symptom of ischemia and the disturbed flow in the axial cylinder of the optic nerve owing to the disturbance of 
circulation in the optic nerve disc which originates in the elevation of the intraocular pressure. Various medicinal thera- 

20 pies aimed at the adjustment of the intraocular pressure have been tried with success (as reported in "Ophthalmology 
Mook No. 9, 1979, Therapy of Glaucoma.' published by Kanahara Publishing Co., Ltd.." for example). The mechanism 
responsible for the elevation of the intraocular pressure, however, remains yet to be elucidated and the desirability of 
developing a better medicine for the therapy of the glaucoma has been finding enthusiastic recognition. 

The ligand of the serotonin receptor is known to manifest various pharmacological actions such as the action to 

25 contract the Wood vessels, the action to stimulate the sympathetic nervous system, anti-depression activity, the action 
to decrease blood pressure, and anti-platelet aggregation activity and has been used for the therapy of diseases as an 
agent for anti-depression, an agent for anti-anxiety, and an agent for anti-hypertension. Among the serotonin receptor 
ligands, an aikylene dioxybenzene derivative of a kind is a selective ligand of the serotonin receptor 1A (hereinafter 
occasionally referred to briefly as "5-HT 1A receptor") and is known to have the action to decrease blood pressure and 

30 anti-anxiety activity (U.S. Patent 4,684.739 and U.S. Patent 5,168,099). 

SUMMARY OF THE INVENTION 

This invention has been produced for the purpose of providing a more effective medicine for oculopathy such as, 
35 for example, an agent for the cure of glaucoma and an agent for lowering the intraocular pressure. 

The present inventors, after continuing a diligent study with a view to solving the problems incurred by the prior art 
as described above, have found that the serotonin receptor 1 A ligand such as, for example, an aikylene dioxybenzene 
derivative of a specific structure possesses an excellent action to lower the intraocular pressure and can serve as a 
medicine for the cure of oculopathy such as glaucoma. The present invention has been perfected as a result. 
40 Specifically, this invention provides a medicine for oculopathy which has a serotonin receptor 1 A (5-HT 1A receptor) 
ligand as an active component thereof. 

Preferred embodiments of this invention provide the medicine mentioned above the 5-HT 1A receptor ligand of 
which is an aikylene dioxybenzene 
derivative represented by the following formula (I) 

45 
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55 



(wherein m represents an integer in the range of 2 - 5 and n an integer in the range of 1 - 3), a racemate thereof, or an 
acid added salt thereof; the medicine mentioned above the aikylene dioxybenzene derivative of which is a compound 
represented by the following formula (I I) 
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the medicine for oculopathy mentioned above is an agent for the cure of glaucoma; the medicine for oculopathy men- 
ro tioned above is an agent for lowering the intraocular pressure; the medicine for oculopathy mentioned above is an oral 
agent; the medicine for oculopathy mentioned above is an agent used by injection; and the medicine for oculopathy 
mentioned above is an eye lotion. 

BRIEF DESCRIPTION O F THE DRAWINGS 

15 

Fig. 1 is a diagram illustrating the action to lower the intraocular pressure manifested by MKC-242 applied dropwise 
to the eye. In the diagram, the points of measurement and the bars represent the average W- S.E. of the intraocular 
pressures in 8 rabbits, # represents the significant difference (P < 0.01) from the initial intraocular pressure, and * rep- 
resents the significant difference (P < 0.01) from the intraocular pressure of the control group. 

20 Fig. 2 is a diagram illustrating the action to lower the intraocular pressure manifested by MKC-242 orally adminis- 
tered. In the diagram, the points of measurement and the bars represent the average +/-S.E. of the intraocular pres- 
sures in 4 rabbits, # represents the significant difference (P < 0.05) from the initial intraocular pressure, and * represents 
the significant difference (P < 0.01) from the control group. 

Fig. 3 is a diagram illustrating the action to lower the intraocular pressure manifested by 8-OH-DPAT applied drop- 

25 wise to the eye. In the diagram, the points of measurement and the bars represent the average +/• S.E. of the intraocular 
pressures in 5 rabbits and * and ** represent the significant differences (P < 0.05 and P < 0.01 respectively) from the 
initial intraocular pressure. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

Now, this invention will be described below with reference to embodiments thereof. 

The 5-HT 1 A receptor ligand which is used as the effective component of the medicine of this invention for oculopa- 
thy may be any compound which satisfies the requirement that it is bound specif ically with the 5-HT 1A receptor and is 
possessed of an action to lower intraocular pressure. As concrete examples of the compound answering this descrip- 

35 tion, 8-hydroxy-2-(N,N-dipropylamino)-tetralin (hereinafter occasionally referred to hereinafter as "8-OH-DPAT). 2-(4- 
(4-(2-pyrirrudinyl)-1-piperazinyl)b^ (hereinafter occasionally 

referred to hereinafter as TVX Q 7821") which are described in "Neuropharmacology, Vol. 26, No. 2/3, pp. 139-146 
(1987)," fa example; and alkylene dioxybenzene derivatives represented by the formula (I) mentioned above, race- 
mates thereof, and acid added salts thereof, and arbitrary hydrates thereof may be cited. Among other 5-HT 1A receptor 

40 ligands enumerated above, the compounds represented by the formula (I) mentioned above, racemates thereof, and 
acid added salts thereof, and arbitrary hydrates thereof prove particularly advantageous. 

Among the alkylene dioxybenzene derivatives of the formula (I) mentioned above which have the integers of 2 - 5 
for m and the integers of 1 - 3 for n, the compounds having the integer of 3 or 4 for m and the integers of 1 - 3 for n prove 
more advantageous and those having the integer of 3 for m and the integer of 1 for n prove most advantageous. 

45 Concrete examples of the compounds which prove preferable among the compounds that are usable at all for this 
invention are shown in Table 1 and Table 2 below. 
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As concrete examples of the acids in the acid added salts of the compounds represented by the formula (I) or race- 
mates thereof, such inorganic acids as hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, and nitric 
acid and such organic acids as acetic acid, succinic acid, adipic acid, propionic acid, tartaric acid, fumaric acid, maleic 
5 acid, oxalic acid, citric acid, benzoic acid, toluene sulfonic acid, and methane sulfonic acid may be cited. Among the acid 
added salts enumerated above, it is particularly advantageous to use the hydrochlorides of the compounds mentioned 
above. 

In all the compounds mentioned above, Compound No. 1 in Table 1 , namely the compound of the formula (II), is 
most advantageous. The hydrochloric acid added salt of this compound is occasionally referred to hereinafter as MKC- 
w 242. 

The alkyiene diaxybenzene derivatives of the general formula (I) mentioned above, racemates thereof, and acid 
added salts thereof which are used for this invention are known compounds. They can be easily synthesized by meth- 
ods which are disclosed in U.S. Patent 4,684.739 and U.S. Patent 5, 168.099. for example, and methods which conform 
thereto with necessary modifications. 
is The medicine of this invention for oculopathy contains the 5-HT 1A ligand mentioned above as an active component 
thereof and can be formulated in various kinds such as ingesting agent, injecting agent, eye lotion, and eye ointment. 
The ingesting agent may be used in such forms as tablets, capsules, powder, solution, and elixir. When it is used in any 
of these forms, it may incorporate in the composition thereof a solid or liquid pharmaceutical carrier which has no tox- 
icity. 

20 The solid carriers which are usable for the purpose of this incorporation include cellulose, mannitol, lactose, starch, 
polyvinyl pyrrolidone, starch derivatives such as sodium starch glycolate, and sodium lauryl sulfate, for example. The 
active component either alone or in combination with an adjuvant, may be packed in capsules, molded into tablets, or 
pulverized and wrapped. 

These capsules, tablets, and wraps of powder generally contain the active component at a concentration in the 
25 range of 5 - 95% by weight, preferably 25 - 90% by weight. 

In these forms of administration, one dose of medicine can contain the effective component in an amount in the 
range of 5 -500 mg, preferably 5 - 250 mg. 

As liquid carriers, water, petroleum, oils of vegetable origins such as peanut oil, soyoean oil, and sesame oil, oils 
of animal origins, mineral oils, and synthetic oils, tor example. 
30 Generally, physiological saline solution, dextrose or similar sucrose solution, and glycols such as propylene glycol 
and polyethylene glycol are preferable liquid carriers. Particularly, the injecting agent using physiological saline solution 
is generally so prepared as to contain the effective component in the concentration in the range of 0.5 - 20% by weight, 
preferably 1 - 10% by weight. 

Appropriately the medicine tor oral administration is a suspension or a syrup containing the active component at a 
as concentration in the range of 0.5 - 20% by weight. As the carrier in this case, such a water -like excipient as perfume, 
juice, or pharmaceutical miceli is used. 

The eye lotion for dropwise application can be prepared by dissolving the 5-HT 1A ligand in water and suitably add- 
ing the various additives, shown below to the aqueous solution. 

The buffer solutions which are usable herein include phosphate buffer, borate buffer, citrate buffer, tartrate buffer, 
40 acetate buffer, and amino acids, for example. The isotonizers which are usable herein include such saccharides as 
sorbitol, glucose, mannitol. such pdyhydric alcohols as glycerin and propylene glycol, and such salts as sodium chlo- 
ride, tor example. The antiseptics which are usable herein include such quaternary ammonium salts as benzalkonium 
chloride and benzetonium chloride, paraoxybenzoic esters such as methyl paraoxybenzoate and ethyl paraoxyben- 
zoate, benzyl alcohol, phenetyl alcohol, sorbic acid and salts thereof, thimerosal, and chlorcbutanoJ, for example The 
45 tackifying agents which are usable herein include hydroxy ethyl cellulose, hydroxy propyl cellulose, methyl cellulose, 
hydroxypropyl methyl cellulose, carbaxymethyl cellulose, and salts thereof, for example. 

The ointment is prepared by evenly mixing the 5-HT 1A ligand mentioned above with such a suitable basis as vase- 
line and, when necessary, adding to the resultant mixture a preserving agent a stabilizer, or other suitable additives. 

Pharmaceutical compositions of other forms can be prepared by pertinent methods which are well known to per- 
50 sons skilled in the art. The forms of medicinal agents as one embodiment of the medicine of this invention are not lim- 
ited to those described above. 

The amount of the 5-HT 1A receptor ligand contained in the medicine of this invention for oculopathy to be utilized 
for therapeutic purpose varies with the age and body weight of the patient, the symptom, and the graveness of disease. 
It is a matter to be decided by a clinician. Generally, the daily dosage of the 5-HT 1A receptor ligand is in the range of 
55 0.001 - 1 0.0 mg/kg of body weight. The administration of this medicine, when necessary, is made on two or more days. 
When the 5-HT 1A receptor ligand happens to be an alkyiene dioxybenzene derivative of the formula (I) mentioned 
above, the daily dosage of the medicine containing it is appropriately in the range of 0.05 - 3 mg/kg of body weight. For 
oral administration, the medicine is prepared in such a form that the unit content of the alkyiene dioxybenzene derivative 
in the medicine will fall generally in the range of 0.5 • 500 mg, preferably 1-100 mg. The patient is directed to ingest 5 
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mg of this medicine at a time, generally 1 to 3 times daily. For administration by injection, the medicine is prepared in 
the form of a solution such that the unit content of the alkylene diaxybenzene derivative in the medicine will generally 
tell in the range of 0.5 - 20% by weight, preferably 1 * 10% by weight. This solution is injected in a dose in the range of 
0.03 - 3 mg at a time, generally 1 to 4 times daily. For administration by dropwise application to the eye. the medicine is 
prepared in the form of a solution containing the alkylene dioxybenzene derivative at a concentration in the range of 0.1 
• 1%. This solution is applied to the eye 1 to 4 times daily. 

The medicine of this invention for oculopathy can be applied for a wide range of ophthaJmological diseases by virtue 
of the aforementioned action of the 5-HT 1A receptor ligand to lower the intraocular pressure. The medicine of this inven- 
tion which has the 5-HT 1A receptor ligand as an active component is useful for the prevention and cure of such oculop- 
athy as glaucoma and intraocular hypertension. Incidentally, the glaucoma is known in two types, the glaucoma of 
intraocular hypertension and the glaucoma of intraocular hypotension which divulges abnormal glaucomatous optic 
disc and alteration of visual field in spite of normal intraocular pressure. The medicine of this invention is effective for 
both forms of glaucoma, particularly for the glaucoma of intraocular hypertension. 



Now, this invention will be described more specifically below with reference to working examples. The following 
examples ought to be construed as an aid in the specific comprehension of the invention and should not impose any 
limit on the scope of this invention. 

Production Example 1 Synthesis of 5^3-<(2SH1.4-benzodicoane-2-ilmeth^^ hydro- 
chloride (hydrochloride of Compound No. 1 of Table 1 ; MKC-242): 

In 100 ml of acetonitrile, 5.86 g of 5-(3-aminopropoxy)-1,3-benzodioxol and 3.20 g of (2R)-2-tosyloxymethyl-1,4- 
benzodioxane (synthesized in accordance with Journal of Medicinal Chemistry, 2& 880. 1977) were dissolved. The 
resultant solution and 2.77 ml of triethyi amine added thereto were refluxed and stirred for 12 hours. After the reaction 
was completed, the reaction solution was combined with water and extracted from chloroform. The extract was washed 
with water and then dried with anhydrous sodium sulfate. The chloroform layer was concentrated and then refined by 
silica gel column chromatography (chloroform/methanol) to obtain 2.68 g of 5-[3-((2s)-(1,4-benzodioxane-2-ilmethyl)- 
amino)propoxy]-1 ,3-benzodioxol. 

This product was dissolved in ethyl acetate and then combined with 26% hydrochloric acid/isopropanol. The crys- 
tals which consequently formed in the mixture were separated by filtration to obtain 2.37 g of the compound identified 
in the caption. 

Melting point 212 - 218 °C 

1 H-NMR (DMSO-de) 5 9.16 (2H, m). 6.89 <5H, m), 6.63 (1H. d, J = 2.4 Hz). 6.37 (1H. dd, J = 7.5. 2.5 Hz). 5.95 
(2H, s), 4.65 (1H, m), 4.37 (1H, dd, J = 12.5, 2.3 Hz), 4.02 (3H. m), 3.25 (4H, m) t 2.10 (2H, m). 

The optically active compound obtained as described above and a separately synthesized racemate (obtained by 
the method disclosed in U.S. Patent 4,684,739 were severally amidated with (S)-methoxytrifluoro methylphenyl acetic 
acid chloride in pyridine and analyzed by high performance liquid chromatography (column: Waters Novapak C18) and 
compared for optical purity. Thus, the optically active compound was found to possess optical purity of not less than 99 



Eight male rabbits (species: Nippon Hakushoku) each weighing about 2 kg were placed in a retaining can and 
tamed for about one hour therein and then put to test After being tamed, the 8 rabbits were tested for initial intraocular 
pressure. Then, the aqueous 0.2% MKC-242 solution was dropwise applied to the left eyes of four of the rabbits and a 
distilled water was similarly applied to the left eyes of the remaining four rabbits at a fixed amount of 50 jil. After the 
elapse of 0.5, 1, 2, 3. and 4 hours following the dropwise application to the eyes, the rabbits were tested for intraocular 
pressure by the use of an instrument (produced by A! con Corp. and marketed under trademark designation of "Appla- 
nation Pneumatonograph"). The same test was performed 5 days thereafter. The distilled water was applied to the left 
eyes of the rabbits to which the aqueous 0.2 % MKC-242 solution was applied in the initial test and the aqueous 0.2 % 
MKC-242 solution was similarly applied to the left eyes of the rabbits to which the distilled water was applied in the initial 
test The aqueous 0.2 % MKC-242 solution was prepared by cfissoiving the MKC-242 in distilled water in a concentra- 
tion of 0.2% with the aid of an ultrasonic device and a test tube mixer. 

The results are shown in Fig. 1 . It is clearly noted from Fig. 1 that in the rabbits (control) subjected to dropwise 
application of distilled water, the intraocular pressure rose with elapse of time from the initial value of 20.8 mmHg to the 
ultimate value of 22.8 mmHg after 4 hours following the application. In contrast, in the rabbits subjected to the applica- 
tion of the aqueous 0.2 % MKC-242 solution, the intraocular pressure began to fall 30 minutes after the application and 
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reached the minimum value of 18.0 mmHg one to two hours after the application. Thus the aqueous 0.2 % MKC-242 
solution was found to show an action to lower the intraocular pressure by a margin of 2.8 mmHg (one and two hours 
after application) relative to the initial value of 20.8 mmHg, or by a maximum margin of 4.9 mmHg (two hours after the 
application) relative to the intraocular pressure of the rabbits of the control groupL The solution was found to show an 
5 action to lower the in traocular pressure by a maximum margin of 3.9 mmHg (two hours after the application) relative to 
the opposite eyes (right eyes) to which no application was made. 

Example 2 

10 Eight male rabbits (species: Nippon Hakushoku) each weighing about 3 kg were placed in a retaining can and 
tamed for about one hour therein and then put to test. After being tamed, the 8 rabbits were tested for initial intraocular 
pressure. Then, the MKC-242 suspended in 0.5 % CMC (carboxymethyl cellulose) was orally administered to four of 
the rabbits at a dose of 30 mg/5 nrW<g of body weight and the 0.5 % CMC was similarly administered to the other four 
rabbits at a dose of 5 ml/kg of body weight After the elapse of 0,5 hour, one hour each between the first through the 

is seventh hour, and 24 hours following the oral administration, the rabbits were tested for intraocular pressure. The meas- 
urement of the intraocular pressure was performed in the same manner as in Example 1 . The MKC-242 was suspended 
in the 0.5 % CMC solution in a concentration of 0.6 % (30 mg/5 ml) by means of agitation and ultrasonic treatment. 

The results are shown in Fig. 2. It is clearly noted from Fig. 2 that in the rabbits of the control group to which the 0.5 
% CMC solution was orally administered, the intraocular pressure which had an initial value of 21 .9 mmHg was varied 

20 in the range of 19.8 - 23.0 mmHg during the subsequent steps of measurement In the rabbits to which the MKC-242 
was orally administered at a dose of 30 mg/kg, the intraocular pressure began to fall 30 minutes after the oral adminis- 
tration and showed a minimum value of 1 0.5 mmHg two hours after the administration. Though the intraocular pressure 
gradually rose after about three hours following the administration, it barely reached 14.3 mmHg seven hours after the 
administration. This value was low as compared with the initial pressure and the pressure in the rabbits of the control 

25 group The pressure rose and nearly equalled the initial value 24 hours after the administration. 

Example 3 

Five male rabbits (species: Nippon Hakushoku) each weighing about 2 - 2.5 kg were placed in a retaining can and 
30 tamed for about one hour therein and then put to test After being tamed, the rabbits were tested for initial intraocular 
pressure. Then, the aqueous 1 % 8-OH-DPAT (produced by Funakoshi K.K.) solution was dropwise applied to one-side 
eyes of the five rabbits and distilled water was similarly applied to the remaining eyes of the rabbits each in a fixed 
amount of 50 jd. After the elapse of 0.5, 1 , 2, and 3 hours following the dropwise application, the rabbits were tested for 
intraocular pressure. The measurement of the intraocular pressure was carried out in the same manner as in Example 
35 1. 

The results are shown in Fig. 3. It is clearly noted from Fig. 3 that the dropwise application of 8-OH-DPAT at a con- 
centration of 1 % brought about a significant decrease of the intraocular pressure of the rabbits. 

Claims 

40 

1 . A medicine for oculopathy having a serotonin receptor 1 A ligand as an active component thereof. 

2. The medicine according to claim 1 , wherein said serotonin receptor 1 A ligand is an alkylene dioxybenzene deriva- 
tive represented by the following formula (I) 

45 

(ChTT^^J^- O — (CH, ) m NHCH, ^N£°^0) < x > 

50 

(wherein m represents an integer in the range of 2 - 5 and n an integer in the range of 1 • 3), a racemate thereof, 
or an acid added salt thereof. 

55 3. The medicine according to claim 2, wherein said alkylene dioxybenzene derivative is a compound represented by 
the following formula (II) 
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10 



4. The medicine according to any of claims 1 - 3, wherein the medicine is an agent for the cure of glaucoma. 

5. The medicine according to any of claims 1 - 3. wherein the medicine is an agent for lowering intraocular pressure. 
is 6. The medicine according to any of claims 1 - 5. wherein the medicine is an agent for oral administration. 

7. The medicine according to any of claims 1 - 5. wherein the medicine is an agent for use by injection. 

8. The medicine according to any of claims 1 - 5. wherein the medicine is an agent for use by dropwise application to 
20 the eye. 
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